Background: Tajikistan has the highest incidence rate of tuberculosis (TB) in Central Asia. Its health system still bears many features from Soviet times and is under-funded. Affordability is a major barrier to health care. Little is known about health care seeking of TB patients in post-Soviet countries and their delay until the start of TB therapy. The low estimated case detection rate in Tajikistan suggests major problems with access to care and consequently long delays are likely. Methods: The study investigated extent and determinants of patient and health system delays for TB. A questionnaire was administered to a cohort of TB patients in twelve study districts representing a wide range of conditions found in Tajikistan. Common patterns of health care seeking were analysed. Cox proportional hazards models using eight predictor variables, including characteristics of health services delivery, were built to identify determinants of patient and health system delays. Results: Two-hundred-and-four TB patients were interviewed. A common pattern in treatment-seeking was visiting a specialised TB facility at some stage. Typical delays until start of TB therapy were moderate and did not confirm the expectation of long delays. Median patient, health system and total delays to TB treatment were 21.5, 16 and 52 days, respectively. None of the investigated predictors was significantly associated with patient delay. The type of facility, where patients made their first contact with the health system, was the main determinant of health system delay (p < 0.00005). We show for the first time that patients who had fallen ill and first presented to health care in Russia had the longest delays. Those who first presented to peripheral primary care facilities also had relatively long delays. Conclusions: While overall delays were moderate, further improvement is needed for different subgroups. An international referral system between Russia and Tajikistan to reduce delays of Tajik migrants who develop active TB in Russia is urgently needed and would benefit both countries. Within Tajikistan, diagnostic pathways for patients in the periphery should be shortened. To achieve this, strengthening of sputum smear examination possibly including collection of sputa at peripheral primary care facilities may be needed.
Background
The tuberculosis (TB) incidence rate in Tajikistan is estimated at 231 cases per 100'000 population in 2007 [1] . The case detection rate ranges from 32% for sputum smear positive cases to 39% for all cases. While the incidence estimate from the national TB control program is slightly lower (160 -180 cases per 100'000), it is clear that the TB epidemic is ravaging. Integration of the vertical TB program rooted in the Soviet tradition with primary care is not yet complete. Historically, TB diagnosis and treatment was the exclusive task of specialised TB facilities and providers. The DOTS strategy was introduced in two pilot districts in 2002 and by the end of 2007 has reached 100% coverage of Tajikistan. Under DOTS, primary care providers also have the task of diagnosing and treating TB. Despite insufficient funding, the health system has been latching onto a dense network of facilities with different levels of specialisation * Correspondence: raffael.aye@unibas.ch 1 inherited from Soviet times (table 1) . Real government expenditure for health was less than US$2 per capita in Tajikistan in 2003 [2] . Health care workers are poorly paid and informal payments are common [2, 3] . Out-ofpocket payments are an important barrier to access health care services [4] . The policy in Tajikistan is to provide anti-TB chemotherapy free of charge. Currently, health reform is ongoing in order to strengthen primary care under the name of Family Medicine [3] .
It is estimated that up to a fifth of the population of Tajikistan is working abroad, mainly in Russia, where Tajik migrant workers are very vulnerable [5] . Albeit labour migration has recently decreased due to the current economic crisis and the loss of job opportunities in Russia, remittances from labour migration are likely to remain an important component of the Tajik economy.
TB control in low-income countries relies primarily on treatment of active cases. A dose-response relationship has been found between the delay to TB treatment and the transmission to household members [6] . Consequently, prompt start of treatment is of utmost importance. Passive case finding requires that patients present to a health care facility and that health providers take appropriate measures. Repeated referrals that do not result in a diagnosis and effective treatment can frustrate patients, leading to delayed or missed diagnoses. Storla et al [7] reviewed studies on delay to tuberculosis treatment-defined as the period from onset of symptoms until the start of treatment. They found that many factors can influence delay and that the same factor could lead to shorter or longer delays in different settings. The type of the first health care provider chosen often influenced delay with findings relatively consistent among studies: patients who first visited a traditional healer, private provider, or a low-level government health facility had longer delays [8] [9] [10] [11] [12] [13] [14] [15] [16] . Poverty and rural residence were almost invariably associated with longer delays [7] . Factors that often led to longer but sometimes also to shorter delays were female sex and old age [7] . Despite the specific traditions of TB control in the former Soviet Union (FSU), no studies on the relationship between health services delivery and delay in a post-Soviet country were found in the scientific literature. The only study on delay from the FSU concentrated on stigma and patient delay in Russia [17] . Investigating delay to TB treatment in the FSU may contribute to the understanding of the devastating TB epidemic in this region.
The objective of the present study was to describe common health care seeking behaviours of new pulmonary TB patients in Tajikistan and to identify determinants of delay based on the following explanatory variables: sex, age, rural versus urban residence, district, durable assets, labour migration to Russia, belief in curability of TB, use of self-treatment, sputum smear result, and the type of facility first visited.
Methods

Study population
As DOTS expansion was under way in Tajikistan and in order to produce meaningful evidence for the future, we included only districts with an established DOTS program (started in July 2006 at the latest) in the study. Two regions were excluded because they were accessible only by air at the time of the study, Badakhshan and Sughd. Among the 24 remaining districts ('rayons'), twelve were purposefully selected to represent urban, rural, lowland and mountainous settings (figure 1).
Questionnaire and Interviews
All patients who fulfilled the inclusion criteria and who were registered in the twelve study districts were recruited into the study. Our inclusion criteria were: enrolled for TB treatment in the period 1 December 2006 to 31 March 2007, new pulmonary tuberculosis case (sputum smear positive or negative) and at least 15 years old. Data for this study were collected alongside a study on household costs of an episode of TB [18] . The latter study included two interviews with each patient. For the present study, only data from the first interview were analysed. Patients were visited in hospital or at their homes during the intensive phase of treatment, written informed consent was obtained and a trained interviewer administered a questionnaire. The questionnaire included detailed questions about the onset of symptoms, health care seeking behaviour (including traditional healers and self-treatment), the timing of health care seeking steps, diagnostic investigations that were conducted and household assets. Onset of symptoms was self-reported and concerned any symptoms likely to be due to TB, most importantly cough. Patient delay was defined as the period from onset of symptoms until the first visit to a formal health care provider. Formal health care providers included all the facilities listed in table 1, but not traditional healers nor pharmacies, as they are not allowed to diagnose and treat patients in the Tajik health system. Health system delay was defined as the time from the first visit to a formal health care provider to the start of treatment.
Interviewers were trained during a fortnight before conducting interviews on their own and were supervised at least twice per month through joint interviews with the main researcher. Specific emphasis was given to support the patients in their recall efforts, including the use of a calendar of locally important events. Data were entered in FileMaker (version 8.0v1, FileMaker Inc, USA, 1984 USA, -2005 .
Data Analysis
All analyses were conducted in Stata IC/10.1 for Macintosh (Stata Corporation, USA, 1985 USA, -2008 . We carried out a principal component analysis on 15 household asset variables and three housing characteristics variables to construct a wealth index using a well established and validated method [19, 20] . The wealth index was used to assign patients to quintiles of socio-economic status (SES).
For each patient, we listed every health care seeking step and identified common patterns in the history of health care seeking up to the start of anti-TB chemotherapy. Particular attention was given to the timing and the place of the sputum smear examination.
In order to investigate delay, we built Cox proportional hazards models with delay as time-to-event. Two separate models were built for patient and system delay, because predictor variables are likely to differ. Sex, age (categorised into four groups), residence, SES quintiles, district, and labour migration were included in both models. Belief in curability of TB and use of self-treatment were included only in the model on patient delay. Sputum smear status and the type of facility visited in first instance were included only in the model for system delay. Knowledge of symptoms was not included, as the encounters with health care professionals could change this variable between the times when it acts (before the first visit to a formal provider) and when it is measured (during treatment). We selected the best model by subsequently excluding factors with p > 0.2 in the likelihood-ratio test from the full model, until no more factors could be excluded. The respective univariate models were also built and the hazards ratios of factors were compared between univariate and multivariate models in order to investigate potential confounding.
The present study has received approval from the Ministry of Health of the Republic of Tajikistan in a memorandum of understanding signed 18 th October 2006.
Results
Study population and health care seeking
The study identified 282 eligible patients, of whom 78 dropped out (table 2) and 204 were interviewed (table 3) . The patients who dropped out were virtually identical to included patients in terms of the proportions of smearpositive (60%in both cases) and male patients (54% versus 56%), but differed somewhat in their age-distribution and in terms of residence. The proportion of patients who were at least 45 years old was 36% among dropouts versus 16% amongst the study sample. The proportion of rural patients was 79% versus 90%.
Self-treatment was used by 64 patients (31%) before the start of anti-TB chemotherapy. A large variety of self-treatments were used, ranging from honey and different herbs over meat and fat of boar or dog to opium and allopathic medicines. Self-treatment was used both before and after the first visit to a formal health care provider. Only one patient (0.5%) reported having visited a traditional healer before the first visit to a formal health care provider and four more patients did so after such visit.
The first formal health care facility approached was a Rural Health Centre for 36 patients (18%), a central district hospital for 39 patients (19%) and the district TB facility for 41 (20%) patients (table 4). None of the study subjects visited a private clinic. Each facility that was visited was visited approximately twice on average (table 4, right-hand column). Patients made 4.8 (± s.e. 0.17) visits to formal health care facilities on average before anti-TB chemotherapy was started. It is noteworthy that the district TB facilities were visited at some stage before initiation of anti-TB chemotherapy by a large majority (86%) of patients. Of the 28 patients who had not visited their district TB facility, 15 lived in Danghara district and all 15 had visited the Central District Hospital. In Danghara there was no separate TB facility as it had already been integrated in the Central District Hospital.
Delay
The median patient delay was 21.5 days (range: 0 to 410 days; mean: 45.7 days). Thirty-six patients were excluded from the analysis of patient delay, because they reported either no symptoms, a chronic pulmonary condition, or because they were unable to assign at least an approximate date to both the onset of cough and the first visit to a health care provider. The median reported system delay was 16.0 days (0 to 339; 42.2). One patient was excluded from the analysis of system delay because he could not assign a date to the first visit to a formal provider. The median total delay from onset of cough until start of anti-TB chemotherapy was 53 days (2 to 542; 81.8). Note that mean delays are not additive because of the 36 patients excluded from analysis of patient delay, but not system delay.
Determinants of Delay
None of the factors included in the model on patient delay proved significant. Sex (hazards ratio women to men 0.745, p = 0.103) and SES quintile (p = 0.132) were retained in the final model (table 5 ). The final model on system delay included the factors 'first facility' and 'district' (table 6). The proportional hazards assumption was not violated (based on Schoenfeld residuals, p = 0.91). There was a striking relationship between first visiting a district TB specialist and system delay: the median was six days versus 23 days for all other facilities combined. Also, visiting first a Central District Hospital was associated with a short system delay. Visiting first a Medical House, Rural Health Centre, Polyclinic or a facility in Russia was associated with longer system delays. Patients who had first visited a health facility in Russia had the longest system delays of all. It was found that most patients were advised at the health facility in Russia to travel to Tajikistan for treatment -often already with a diagnosis or at least suspicion of TB. Several patients reported that the Russian health system made no treatment available to them. In order to check for potential confounding, the 16 univariate models that are relevant to the above two multivariate models were also computed. The univariate models on patient delay showed consistent results with all hazards ratios in the same direction and in a similar range (table 7) . Among the univariate models on health system delay (table 8), the factor 'labour migration' showed a strong association in the univariate model (hazards ratio 0.563, p = 0.006) but showed no significant relationship (at the p = 0.2 level) in the multivariate model and was consequently excluded.
Discussion
This study investigated the influence of health services delivery rooted in the Soviet tradition of vertical TB control programs on delay to TB treatment. To our knowledge there have been no similar studies previously. We found generally moderate delays in our study sample. Much longer delays for certain subgroups of patients highlight the need for improvements in the organisation of health services delivery. These improvements include the implementation of an international referral system between Russia and Tajikistan.
Limitations
As in any study on self-reported delay, there is potential recall and reporting bias: patients might not remember exactly (or even realise) when the first symptoms started, thus they might report delay incorrectly. We have tried to minimise recall and reporting bias by supporting the interviewees in their recall work-among others using a calendar of local events-and by carefully training interviewers to be non-judgmental in the inquiries about delay.
Residence broken up into the three levels rural, semior peri-urban and urban, is a very approximate measure of geographical accessibility. However, during the pilot study patients could not give estimates of the distance in kilometres from their place of residence to the nearest health care facility. We therefore included residence in our models on patient and system delays-a factor which may include other information in addition to geographical accessibility. The small number of patients from urban and peri-urban areas made it difficult to detect statistical differences by residence. Medical Houses and Rural Health Centres exist in very remote places and it is likely that remoteness contributed to the long delays found in patients who first visited one of these two facility types. Residence, which was included in the analysis, could only partly account for this because many district centres (where a TB facility and a hospital are situated) were also classified as rural.
The sample of patients for our study did not span a full year. Consequently, we cannot exclude that delays differ during other seasons.
It is possible that some patients went by without ever being registered in the TB registry-for instance if patients relied on self-treatment or informal providers exclusively. The present study might consequently underestimate some aspects of difficulty in access and delay to TB treatment. This could affect our secondary finding that this study did not find evidence of the very strong barriers to access that might explain the low case detection rate in Tajikistan. However, such underestimation of difficulties in access is most likely for Tajik TB patients in Russia, which would reinforce our findings if anything.
Health care seeking
Patients in our study group made on average 4.8 visits to a formal health care provider up to anti-TB chemotherapy. This is more than the two to three visits that the diagnostic pathway requires, namely two visits to conduct sputum smear examination (usually at the [21] . In this study there was a lot of variability in the facility type, where the first contact with the health system took place: eight of the nine facility types accounted for a considerable proportion (6.9% or more) of first contacts each. This is a broader variety than found by Mfinanga et al [22] in Tanzania. Strikingly, almost all patients visited the district TB facility at some time during health care seeking. Especially primary care providers tend to refer patients to TB specialists rather than diagnosing TB themselves. At the district TB facility, usually both chest x-ray (CXR) and sputum smear examination were conducted. Similar to a study in the Philippines [23] , we found that almost all patients had had a CXR -despite national and international guidelines not requiring CXR for sputum smear positive patients.
Eighty-six percent of patients reported a visit to the TB specialist. Fifteen patients who did not report such visit came from Danghara and had visited the Central District Hospital there, which includes a TB ward. Hence, the proportion of patients who have been seen by a TB specialist is likely even higher than 86%.
The patients in our study sample reported very limited use of informal providers. Social desirability bias could be suspected. However, interviewees freely reported their experiences in other areas where social desirability bias could be suspected such as in the area of informal payments. We therefore believe that social desirability bias is not the reason for the low use of informal providers reported, but that TB patients in Tajikistan really preferred formal health care providers.
Delay
Given the heavily resource-constrained setting, the total delay found in this study is moderate. It is longer than those reported in the Philippines and in China (median delay of one month in both cases [15, 23] ), but much shorter than found in studies in high-incidence settings, where the median delay ranged from 80 to 120 days [7, [11] [12] [13] 24] . This result is encouraging and to a certain extent surprising. The estimated case detection rate according to data of the World Health Organisation is Other facility ‡ 0.365 0.185 0.721 0.004 §A hazards ratio >1 means a shorter delay, a hazards ratio <1 points to a longer delay relative to the comparison group. †Lb95%CI = Lower boundary of 95%-confidence interval°U b95%CI = Upper boundary of 95%-confidence interval ¶Based on log-likelihood ratio test *Comparison group ‡Including health care facilities reserved to staff of a large industrial company or the Ministry of Defence, respectively. very low [1] and suggests that TB patients face major barriers to care and many of them remain undetected. The reasonable median delay found in this study does not necessarily support this view.
Determinants of delay
District and type of first facility visited were significant determinants of health system delay. Muminobod is a mountainous district and this may be one of the reasons why treatment delays were longest there (cf. figure 1) . On the other hand, the similarly mountainous neighbouring district of Shurobod was among the districts with relatively short delays. Differences between districts may account for a multitude of factors including differences in socio-economic conditions, accessibility, or practices in the health centres in the district. The type of the facility where the first formal health care contact took place was the strongest predictor of system delay. Visiting first a tertiary hospital or TB specialist is associated with shorter delays. This is consistent with findings from other settings, although there is considerable variation [11] [12] [13] [14] [15] [16] 25] . Making the first visit to a Central District Hospital was also significantly associated with shorter delay. While a history of immigration has been shown to influence delay in western countries [25, 26] , this study shows for the first time that developing active TB while being a temporary migrant worker abroad leads to long system delays: patients who first visited a facility in Russia had the longest delays of all. This is not surprising given that these patients fell ill in Russia and had to travel back to Tajikistan to start anti-TB chemotherapy. About 10% of all TB patients receiving treatment in the study area had developed active TB in Russia. This may also be relevant for citizens of several other Central Asian and Caucasian countries who migrate to Russia to find work. The moderate delays of many patients are encouraging, but improvements are needed for patients first presenting to Medical Houses, Rural Health Centres and especially facilities in Russia.
The consistent results of the univariate analyses compared to the multivariate analysis support the view that these results are not due to confounding. The factor 'labour migration' is an exception in the sense that it shows a significant impact on health system delay in the univariate but not in the multivariate analysis. There is strong correlation between 'labour migration' and having visited a facility in Russia. This does, however, not affect our conclusions.
In order to reduce delays for Tajiks who develop active TB while working in Russia, an international referral system should be developed. The Russian TB program and international organisations involved in TB control in Russia should investigate the options of foreigners who develop TB while in Russia. If the situation is as described by the patients in our study sample, there are disincentives to early presentation to the Russian health system, because the patient cannot expect treatment. Rather, presenting to the Russian health system will mean that patients will have to spend money to return to their home country. Such a disincentive is likely to lead to delayed diagnosis and consequently to extended periods of infectiousness in the community.
As mentioned above, most providers other than TB specialists are reluctant of diagnosing TB and would rather refer the patient. This is related to the vertical TB control program inherited from the Soviet Union and the resulting notion that TB patients should be diagnosed and treated outside the general health services. The large difference in the hazards ratios from the peripheral facilities to the TB facility point at a need to shorten referral pathways and referral times for TB patients from the periphery. This needs to be achieved without jeopardizing the short delays that patients experience at the TB facilities. A good possibility would be the diagnosis of TB in the peripheral facilities without referral. At least for part of the districts, a sputum collection plan exists, whereby peripheral facilities are required to collect three sputa from a TB suspect and then organise transport to the district TB facility, where microscopic examination is conducted. Due to the Soviet tradition of over-reliance on CXR and to doubts about accuracy of sputum smear microscopy, sputum collection at the periphery hardly ever takes place.
Lönnroth et al [27] have pointed out that the perceived financial consequences of seeking health care affect the decision of whether and when to initiate health care seeking. Community members, TB patients and health care providers in four districts of Tajikistan identified financial costs of health care seeking as the main obstacle to obtaining a diagnosis and treatment [28] . Consequently, a better understanding of illness-related costs and resulting mitigation strategies may also contribute to shorter delays.
Conclusions
Before being diagnosed, TB patients visit a broad range of different health facilities. While the median total delay until start of treatment is moderate for most patients, improvements are needed for certain subgroups. Those patients who develop TB while working in Russia have the longest health system delays. Those who first present to peripheral primary care facilities or polyclinics have long system delays, too. Improvements for both subgroups are possible through better organisation of health care delivery. An international referral system for migrant workers developing active TB in Russia is urgently needed and is in the interest of both countries. Primary care providers should be enabled and encouraged to diagnose TB and start patients on treatment. Strengthening of sputum smear examination and collection of specimens at primary care facilities should be considered.
